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Abstract: 

PROBLEM TO BE SOLVED: To obtain a method and an apparatus in which a trace element in a metal 
can be analyzed simply, quickly, with high accuracy and with high reliability by a method wherein an 
inert-gas sputtering treatment is executed to the surface of a sample inside a preliminary treatment 
chamber in an inert-gas atmosphere and a contamination on the surface of the sample is removed. 
SOLUTION: An inert-gas sputtering treatment is executed to the surface of a sample 2 inside a 
preliminary treatment chamber 4 in a inert-gas atmosphere, and a contamination part on the surface of 
the sample 2 is removed. Argon is used as an inert gas. The sample 2 is set as the side of a cathode, and 
the inside wall 5 on preliminary treatment chamber 4 is used as an anode. The argon which is ionized by 
a glow- discharge sputtering operation under a decreased pressure is made to collide with the surface of 
the sample 2 at high speed, and the sputtering treatment is executed. The sample 2 whose surface 
contamination is removed by the sputtering treatment is moved directly to a reaction chamber 15. That is 
to say, the sample 2 is shifted to the reaction chamber 15 without being brought into contact with the air 
or the like. In the reaction chamber 15, the sample 2 is heated or reacted in the flow of a carrier gas. A 
trace element is gasified^and it can be detected by a detecting device 32 so as to be determined 



http://toolkit.dialog.com/intranet/cgi/present?STYLE-1360084482&PRESENT=DB=347,A^ 7/30/2001 



-V 



<19>H#B#ffJ? (JP) 



#^11-316220 

(43)^H0 *fr*H*F(1999)lim6B 



<51)Inta. 6 
G 0 1 N 33/20 

1/28 
1/32 
31/00 



mm* 



F I 

G 0 1 N 33/20 

1/32 
31/00 



L 
J 
B 
Y 
L 



(21)ffl«#^ 


«RTll-49898 


(71) USA 


000001258 










(22)fBKB 


¥{£11^(1999)2 £26 B 




fyei^^m^^KJtwa i tb i #28 












HfBPFIO-62265 


(71) (USA 


594208536 


(32)«jfcB 


¥10(1998) 2 £26 B 






(33)«ifclfciiKB 


B* (JP) 




gi^0jf?m^E.«« 6 TBZ7S 9 # 






(71)IH«A 


591121959 








B#5":Hj;*M*3$&*fc 








JiGsCiHWIIKBiHHH 3-9-23 






(74)ftfflA 


#a± a* *am on*) 











(54) ismvzm ^mf»mjtm<ommm»tfr&m^tmwi 



(57) 

lis®] ^s^jaa7C3g^©M. 7mi,fri>mmmz* 




NO 



(2) 

1 

i 1 1 ^m^xmrn^m wsmft iz & t * 

t-tzmnm i ieK(o^m^j«fi7cs^isif&jt^w^ io 
m. 

msz^mmma. ±®£mmai£(?>mmtSLhn. tsp 20 

t&znx^&zt£mkti-h&m#&%jcm<?>?ihm& 
fit/mm.. 

mftt&smwz 1 1 . mmmizmm tit, vmm t * 
*r lx t *w&t^hm$M4tm<r>&mft 

[00 0 1] 30 
[0002] 

[0 0 0 3] U)»U Mafl^fttif<*tr(Cti!V\ 

■r&zbi) t mibxmmt%~>xzx^z>. tztm. m 
mmiztmLtzimm>emi*fx. *^ 
wnmjnmmmz x zmw&im&h t> frtm&k l% 

<p<r)8kmmmft«x&t Lxm^hti^<m.tix$m- 
-fcftmmLmzto^xte. tmmR^mm&nwk 50 



ftm*?- 11-316220 

2 

[0004] 0Ut±\ #HBC06 0-1875 9-Sf&fB£ 

I£§7ctt#x#ffl§uc:t3i,vc 5 0 0tysLhfc4ii»Lt»aa 

[000 5] L*»U ijeWfeteio-CfHBfrtK^fc* 

fcffcJ: OK?l«lifiW"l«fl»S*i*fc«>. p p m WOP 
fc L < »4* WSlT<0Je»4Wf WftSbW^i** . 

[00 06] iWRMI^Iia^fcto. »HHP3-1 5 
0 4 6 2*&*fcUU ^+W8&fii^£;&[MttLT 

iza^x , e^aay^B?^ 120 otyjub 140 oxaa 

mmmttWimw. nm^e - 1 4 s 1 7 o^m; 
a. wmtmmmzrvjyy-. ^xvmx-wmm. 
mffl#nwmm*MmiiiLxmi 4 0 otcetf*) 
«BJtWIJB!!i*ff<r a^i: »m&*r«M(fx^tia 

[0 00 7]*^, B^^tS^iS, CAMP- IS 
IJ Vo 1 . 5 ( 1 9 9 2) -44 0tC(4. APfftttt 
^SS:4 5 0-Cx 1 O^Mti »9l^fe-ri>^* ? NH 
^$^lTtJ 0 . * fc. #BIFP8 - 2 1 1 0 4 3#^i4tC 

mfflO^SrJR 0 1»» . ZtttfrnWizfrn LX 
[0008] 

if3-i 5045 owbmMtoimt* mzwwm 
mmnnmz£ &$mim&m< w>xw$m®®<vm 

- 1 4 8 l 7 o-«HMWE«w*ife*i. > 

§^>ic mmtfmmmt:4 sotxi o^<7)»c:«j: 0 

[0009] -36r % ^^¥6 - 1 4 8 1 7 



1 



3 

t>iiA:tmnmsffimz-tz> izittsm&i.'mmz rate 

[ooio] *ftwit. ±?jz&m<pmm.wm<Dftffi-Mm 
^^zmmiz-o^x^m^tm^x^iz^^ 

[00 11] 

xrm&o'fffitmmmz&^x. mmmmiz^mntf 
xx/s- •/ 9 y >7W£*mLXsmm<?>mz£mm<r)m 
mmzimmmzmk-t&mmt > mi^-y 9 u >r 
mmmTmwmizm&Bu&mizmLxmmjcmzzm 

WZz.lzi~>X&£ftLX?toZt$:1&mtL. 

4. 

[001214ft, *WW±* ±E*«+SUKaR<0» 

af£ts£ . tss^sw§ifeg& xxvn- -7 9 u >- 
rvyrmmm. ^isittfxmtimmztix^zhnt 

fc. »«ltlH#Sii*Wiiiai:**LT**ii:fe# 

mt l . mmizmBKtfimfimmmT'ftfrtiz xoiz 

fit g*. !K«ft&t4im«ottlt^«0%S«:«BB 

[00 13] 

[«ffl*«aiW>#»] 1ST. 3«MH0>S«IW>»»* . ft 
fflt»«*»flfcffi**H«6B*, H2liftM'f>0aK&& 
oTtt!«WBf^«»«tl»*t* : fll«Hii:» TflKft 

[0014] ±IC z HI«m4^i3UT. KW2*:ii* 



( 3 ) 11-316220 

4 

=f>«rfflt\ K82£lftMU:U staffing 4 wfiSfc 

xx/^y ? y yymmtrrr o . rw*<ojE**5 j:tfWEi± 

[0015] ±iSx/N* -y ? y ^fcSfcoT tt, tCHw 

im-&mwtzw~?xftmi l ztfxz/*>y ? y >7*ml. 

htit *>*-c# * . tm 2 $r nii^s^^ 

wt& Rtss#*a*«stfi^a 3 bps*®* *s < -r*L 

[00163 ±s&j* y * y yyizj: 'ommmmcomi: 
ztuzwmt. mmKiami 5iz&ztii>. -t&b-h. 
±mgtz®.timt&zt%<. Kmmi s^nm^-t 
zcotztbizit. t^ja^.i stamtz 

X5-f I^N'/^^^-A'>y^-2 6^{t. 
HmSrlnFJIkLftm. a^ir-y^-2 6fcH!^TtfiS2* 

[0017] rae^t^s^tiCMtifl-flf BWtcjstT 

^f-p'jm (Ar. He. ChSri:-) <0«a«fi-CjllS!& 

awafeftrj: ->xiz&tz>. mmavi e st^a- y rtfxt 

(iS0 2 ^XSr^iSli®JK^lcJ: ~>Xfc&t$> . 

[00183 ±mmrtm*%m-ztt<r>ftmmmz 
40 am 1. B9 2 fcis^ j: 3 £ s 7'Hj(aaM4 istt-s. . -y* 

At. flMMfyn 0fzX*)^y 1 2Sr^d3UT«P^ 

±»fcHiwa*;<oa*iEittAP24, TsafKwasRie 

6S-ft«SLTt^. r/i^^yti. ^m^^7'2 8S-ifit. 

T»E^1 5l l Zi>m*tL&£otzm}$.ZtlX&<9. 
VT*fAbLxm^ZZi:l>X$$>£o<,z&->X^Z>. 
50 i"rv7-2 6<7)fflffl$:!gmz-tZtzlsr>. TtV^t 



t 



(4) 

5 

&£ktrC*£&. 

[00191 ^i*!^4rt£ttiffiS}2 Sr^-rSim 
i. 2 0 ^JtiS i«fc|g(t <o*rC*i 0 . m\ 2 SrftJlf 

ffSx^OteifflSffcv^x (-) 

SilTV^S. 10 

[0020] t . ^«g*!uig4 cotm&xn 2 

4£ffl^Xim2ZtmWi$L2 0lZ*.y hU X^ 
Y-rt)V7ft<F>i'-* v 9-2 6 iSrWt. Wf&frkTA' 

lytfxzmAL. i^yri ofcft^-frT, 
ffififOT/u=f y#B85?v£: x-Ky * y yrmwm 
2 2fr^ffimmm4<Dftm.5&£vmm2c?>fflt l zmn. 
Ktmrtiux* wttan^n-fttttfsi 0 . wb2 

^rBttyMrTS T>U=f W *V\z £ £ X^>y ^ y >^ 

«teXoiz. mm2co3&&ffl&. im^mttmmm 

[0 0 2 1 3 5itftmm7mt / z&ixmj&.z 
ns. mm&tiizmmoftmmizi*. ^mz^yr^ 
hsoBri 6t*<nMmmffi3o*ffiz.z. mm. a 
£imm<7>%mmiziz. wfehnsnzmsL. ttzm, 
®(0Mm>tz#>ehm$mm3 1 £<f;ts. *muz&\.* 30 

W»^l'^'2 8t^UT. : HI*Hia4*Jj:tfRJC*l 

S-M^WiAri«iHe#X, B3R*ttra*d- 
liHetfx, ^**fcl4ffift#ffio^ti:02#XT';& 

[00 2 2 J **»S»frrairVCttH2 1 5(C 40 

»"ttcSifc-»Tt4. 2 8 **flsi/r lacs 1 

5 k"HHKJl£4 fcWfHfflSH, JEEfrW-k** J: 3 
lz. RfCMl 5t3j;tXT'li3J!ia^4(C7*/Urry^X*^ 
tt**yr#Xfc;toUC5'+y*--2 6fcHI&. tttt 
J¥3*.2 0*t«a$irc. Kf¥2*KJ&£l 5rttC^T 



WilH 1 11-316220 

6 

[0023] JJEHjftfcJ: *) . X;\*y ? U y^fcj: •)* 
W«l«R*ifTt«ll«l**S*ifcK»2tt. ^vtcfijfcfl. 
&,Ik&<. -TOWyi24>&»4>fiU6361 SrtfclMJarF 
U »W«fr*»t*ikte4*. 01£ttMcMftffltti* 

im-semi s+icarFU ftKj&gi 5^-2, o 
0 o~2 . 5 0 oiocjRisfu ajuatii-r^-cKas 

miz£~?xmm.2ti&. 

[00 24] 

[SUfcM] 03«f£f42O^W£T/Pd>x/N-.y;?y>' 

fc*S*-CS>0. *tt»4tt^x*/i^-i^ufcjSU J& 
iaii^-j/xfjfcftx^? h/i^£2H% H3J:0^*»«r 
kfc 0 » x/N'y ^ y y^L^S<og^2<oa«gi?lc{i{J 
k ^£RX#Hffill3*i&»£ k *»felWI«fc: J: *«5»W t 
^fcHi* v ^ i k **i?*> & . 
[0025] Jt^Jk LTs «WEkH«fcHH«BHLfc 

« ; F»*ftfeJ:4*WIINII&H4kLT*Lfe. 04 fe 

«fffit 1 p p majKwJMbWft-f * i k fitvmzttfi:. 
[ 0 0 2 6 ] *f^!OIM»flW4i«3ttSltX 

JR&Slfc J: WW^aRte J: -> TRJSM^-i?tf^«f^a* 
iiiaSS? L*«Wfc:flS ft^HMBlSSk i k *>* 

X%h. 
[0027 ] 

M&nm:*ttmzff\\ ztizm&zu&mzmA-tz 

abb Lfc*»fe, H?i5SW>J3-e*i*ftCr< , ^S^mffiflg 
*^^l$-^«Jg^oiB5Sl^^fif-r^j:k^T'^S. 4 

[0i ] ^^(cj:&«M>l>ttslR«2^ua«^5)irf 

[02] *^^J:«flyN4>ttfij^&^U«mo»«f 
[03] *«Wfc:J:»)«HS*ufetCR«:3r-^x*T4i- 

[ 04 ] *muzu o "fwmik* wwfcfc^+fc 1 » 
nuts Lfctt, ?r- ^x«^#3tife(£ j: ->t»rr l^is 



(5) 



mm^l 1-3 16220 



8 



2 

4 : iHfUtfifflS 

5 : ftg 

6 : TiVrSVijTM 
8,12: J*JV-7 

i o : mmtyy 

1 5 : £J6^ 

1 6 : /777^ h&0&' 
1 7 : figttSoS 



<6Q 



2 0 : SHEWS*. 

2 2 : X'S>y?Vy?mmi 

2 4 : smt£AP 

2 8 : A/l^ 

3 o : tmmmm 
3 1 : mm&Mm 
3 2 : mta^m 



67*3' 



I Ar \ 













1 »tt" 





3i ammxM 



(6) 



ftM^l 1-316220 



[03] 




100 200 300 400 500 600 700 



BOO 900 tOOO 



[04] 



I 

*J 

x. 
fft 
& 





1 

i 

— -i — 


• 




i 


j 1 
i j 

j i 




i 






r 

j 




1 i — 1 

i 
■ 




V 










dJT^ *4 - 






c 




4 








B 

i 












i 
i 








j. 










j 


O 


1 







100 200300400500(0070)800900 1000 
i***- V<*> (eV) 



(51)Int.Cl.6 

GO IN 31/00 



F I 

GO 1 N 



1/28 



mmw% &m Am 

^mm^m^^mm 1 mm 



(72) <m 

nmsMto&tmmmm e t@27# 9 

(72) mm 

SC^«K,J?iJHEi?5ERIB3-9-23 B#T 



http7/v^4Jpdljpo.gojp/cgi-bin/tran...522%2520BGCOLOR%3D%2522lightyellow%2522 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The high precision analytical method of the trace element in a metal characterized by performing inert gas 
sputtering processing to a sample front face, and having the phase of this sample of removing the pollution section of all front 
faces almost simultaneous mostly, and the phase which moves the sample after the aforementioned sputtering processing end 
to a direct-reaction room, and carries out determination of the trace element in the preliminary processing interior of a room 
of the inert gas ambient atmosphere. 

[Claim 2] It is the high precision analytical method of the trace element in a metal according to claim 1 characterized by 
performing inert gas sputtering processing by carrying out point support of the sample by conductive sample presser foot. 
[Claim 3] A trace element is the high precision analytical method of the trace element in a metal according to claim 1 or 2 
characterized by being the oxygen, the nitrogen, the carbon, or sulfur in steel. 

[Claim 4] The preliminary processing room which removes the surface-contamination section of a sample by inert gas 
sputtering, It consists of the detection equipment which carries out analysis deterrnination of the gas drawn from the reaction 
chamber which gasifies the trace element in the sample removed in the surface-contamination section in this preliminary 
processing room, and this reaction chamber, the aforementioned preliminary processing room The high precision analysis 
apparatus of the trace element in a metal characterized by coming to provide the shutter which can be opened and closed, and 
which passes to the sample input port which can be freely opened and closed in the upper part, and the lower part in the 
aforementioned reaction chamber, and connecting the power for sputtering, and the source of inert gas. 
[Claim 5] A preliminary processing room is the high precision analysis apparatus of the trace element in a metal according to 
claim 4 characterized by coming to have the sample presser foot which carries out point support of the sample and is 
maintained to a cathode side, and the internal-surface-of-parietal-bone wall maintained at an anode plate side. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention relates to the high precision analytical method and equipment of the trace element in a 
metal, especially compares the oxygen, the nitrogen, the carbon, and sulfur in steel with a conventional analytical method and 
conventional equipment, and relates to the simple analytical method and simple equipment which can moreover carry out 
determination with high degree of accuracy quickly. 
[0002] 

[Description of the Prior Art] The trace element in a metal especially the oxygen in steel, nitrogen, carbon, and sulfur need 
exact quantitative analysis, in order to affect [ big ] material properties, such as ductility and workability. Especially, in 
connection with high-grade-izing of steel, importance comes to be attached to these trace elements in steel, and it is asked for 
the simple analytical method and simple analysis apparatus highly precise and quick moreover in recent years. 
[0003] However, it has become very important to remove certainly the pollution section on the front face of a sample before 
analysis for the exact analysis as high-grade-ization of steel progresses. For example, in oxygen analysis, unless it removes 
beforehand the scaling object by the circumference ambient atmosphere, such as the organic substance which stuck to the 
front face, and carbon dioxide gas, the atmospheric air, an exact analysis value cannot be acquired. Therefore, in the inert gas 
synchysis-infrared absorption method used as a minute amount oxygen analysis method in steel in recent years, an electrolytic 
polishing and chemical polishing using the acid etc. as a pretreatment method of the pollution section elimination on the front 
face of a sample are reported. 

[0004] For example, while JP,60-18759,A is made to hold the charge of a sample offering for analyzing the oxygen in steel in 
a coil, the pretreatment method of the charge of the oxygen analysis sample offering in steel characterized by carrying out ** 
ON of the reducing gas into this coil, heating at 500 degrees C or more in this reducing gas ambient atmosphere, and carrying 
out reduction processing of the aforementioned charge front face of a sample offering is indicated by it. 
[0005] However, since a sample front face is again polluted by a sample surface contamination or a reoxidation by sample 
washing etc. by the time it measures by the analyzer from the time of pretreatment etc. even if it removes surface adhesion 
contamination by the above-mentioned technique, an error arises in ppm level or the quantitative analysis not more than it. 
Adsorption and oxidization of the ambient atmosphere tend to happen at an instant, and, especially as for the pure iron front 
face, the cure against elimination of the pollution section is desired strongly. 

[0006] In order to solve this problem, to JP,3-150462,A In the technique of performing the electrolytic polishing of a sample 
as pretreatment in case the heating extraction of the minute amount oxygen in steel is carried out and it is measured The 
minute amount oxygen analytical method of the steel characterized by performing a preheating before the amount 
measurement of oxygen at 1200 degrees-C or more temperature of 1400 degrees C or less to JP,6-148170,A The minute 
amount oxygen analytical method in the steel characterized by carrying out the heating extraction of the minute amount 
oxygen after grinding and in this sample for a steel sample front face by the grinder, the file, etc., and performing a preheating 
at the temperature of 1400 degrees C or less of **s is indicated. 

[0007] Moreover, the Iron and Steel Institute of Japan meeting magazine, CAMP-ISIJ In Vol.5(1992)-440 The technique 
heating for 450 degree-Cx 10 minutes removes surface adhesion carbon is indicated. Moreover, the carbon test sample for 
chemical analysis in a metal is put on a sample base at JP,8-21 1043, A, the contamination on the front face of a sample is 
removed by the spatter by electric discharge under the pure gas of the low voltage force in a processing container, and the 
method of transporting to an analysis apparatus as it is, and analyzing a trace element is indicated. 
[0008] 

[Problem(s) to be Solved by the Invention] However, technique given [ aforementioned ] in JP,3- 150450, A The oxidizing 
zone formed in the front face after an electrolytic polishing only by only removing the surface oxygen by survival of 
electrolytic-polishing liquid is unremovable, moreover, technique given in JP,6-148170,A Although the reduction elimination 
of the surface oxygenation object formed at the time of grinder grinding is carried out by the reaction with C of a crucible A 
reduction reaction seldom happens, even if it occurs temporarily before sample lysis, it is limited only to the site in contact 
with a crucible, and it has the problem that the decontamination by the reduction reaction on the whole front face of a sample 
is not expectable. Furthermore, how heating for 450 degree-Cx 10 minutes removes surface adhesion oxygen is looked like 
graphite-izing of the organic substance at the time of low- temperature heating, and decarbonization 0 fa****** surface layer 
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], and the problem that analysis precision falls more remains. 

[0009] On the other hand, although there are no above problems in technique given in JP,6-148170,A, a sample must be 
rotated or inverted on a sample base to make it rear-face clarification of the sample put on the sample base, and while 
operation becomes complicated and elimination of a uniform surface contamination becomes difficult, there is a problem that 
quick processing cannot be performed in it. 

[0010] this invention -- the analytical method of the above-mentioned minute amount oxygen in a metal, and the fault of the 
conventional technique about equipment -- taking an example -- the trace element in a metal -- simplicity -- quick and high 
degree of accuracy -- a reliability -- it aims at offering the means which can be analyzed highly 
[0011] 

[Means for Solving the Problem] In order to solve the above-mentioned technical probrem, suppose that inert gas sputtering 
processing is performed for the analytical method of the trace element in a metal to the preliminary processing interior of a 
room of the inert gas ambient atmosphere on a sample front face, and it has the phase of this sample of removing the pollution 
section of all front faces almost simultaneous mostly, and the phase which moves the sample after the aforementioned 
sputtering processing end to a direct-reaction room, and carries out determination of the trace element to this invention. 
Moreover, in that case, it makes it suitable to perform inert gas sputtering processing by carrying out point support of the 
sample by conductive sample presser foot, and much more highly-precise-izing of the trace element analysis in a metal and 
speeding up are attained. 

[0012] Moreover, the preliminary processing room where this invention removes the surface-contamination section of a 
sample for the analysis apparatus of the above-mentioned trace element in a metal by inert gas sputtering, The reaction 
chamber which gasifies the trace element in the sample removed in the surface-contamination section in this preliminary 
processing room, It shall consist of the detection equipment which carries out analysis determination of the gas drawn from 
this reaction chamber, and the aforementioned preliminary processing room It shall come to provide the shutter which can be 
opened and closed and which passes to the sample input port which can be freely opened and closed in the upper part, and the 
lower part in the aforementioned reaction chamber, and the power for sputtering and the source of inert gas shall be 
connected. In the above-mentioned equipment, a preliminary processing room carries out point support of the sample, it 
makes it suitable to come to have the ****** presser foot maintained to a cathode side, and the 

internal-surface-of-parietal-bone wall maintained at an anode plate side, and, furthermore, the aforementioned analytical 
method is made to be performed with high degree of accuracy certainly. In addition, especially this invention is suitable for 
the determination of trace elements, such as oxygen in steel, nitrogen, carbon, or sulfur. 
[0013] 

[Embodiments of the Invention] Hereafter, analysis of the trace element in steel is concretely explained for the gestalt of 
operation of this invention with reference to a drawing for an example. An example of the analysis apparatus which drawing 2 
requires for this invention used for analysis of the carbon in steel or sulfur in the analysis apparatus concerning this invention 
which uses drawing 1 for the oxygen in steel or nitrogen analysis is shown. As shown in the above-mentioned example, 
processing of two phases of moving the sample by which preliminary processing was carried out to a reaction chamber, and 
analyzing it as preliminary processing which removes the pollution section on the front face of a sample in the analysis in this 
invention in the status that there is no resoiling divides into the preliminary processing room 4 and the reaction chamber 15, 
respectively, and is performed. 

[0014] In the above-mentioned preliminary processing room 4, inert gas sputtering processing is performed to a sample 2 on 
the front face, and the pollution section on the front face of a sample is removed. The argon which makes a sample 2 a 
cathode side, uses the wall 5 of the preliminary processin g room 4 asm aogde plajg. using an argon as inert gas, and was 
ionized by glow discharge sputtering under reduced pressure ismade to collide with a sample front face at high speed, and 
sputtering processing is performed. What is necessary is just to select a gaseous pressure and a gaseous voltage so that the 
contamination on the front face of a sample can be removed within predetermined time. 

[0015] if it gets poisoned by the above-mentioned sputtering ~ a sample -- all front faces are covered mostly, gas sputtering is 
performed simultaneously, and the pollution section on the front face of a sample is removed almost simultaneous The 
pollution section can be removed quickly and uniformly, without this performing complicated operations, such as reversing a 
sample on a sample base, and much more compaction of analysis time and the enhancement in precision can be aimed at. 
Specifically, it can carry out by carrying out point support of the sample 2 by the bearing bar 20 of a cone. Moreover, the 
means of supporting a sample by the summit or ridgeline can be taken. In short, in case a sample is supported, a support 
means should just make wrap area small for a sample as much as possible. Although based also on the analysis precision 
demanded, if a bearing bar 20 etc. is [ wrap area ] about 10% or less of a sample all front face about a sample front face, it is 
satisfactory practically. 

[0016] The sample from which the surface contamination was removed by the above-mentioned sputtering is moved to the 
direct-reaction room 1 5. That is, it is made to shift to a reaction chamber 15, without making the atmospheric air etc. touched. 
For that purpose, after forming the shutter 26 of a slide-valve formula between the preliminary processing room 4 and the 
reaction chamber 1 5 and making the ambient atmosphere between both **s into this **, to open a shutter 26 and what is 
necessary is just made to drop a sample 2 in a reaction chamber. 

[0017] The sample moved to the reaction chamber is heated in the drafts (Ar, helium, 02, etc.) of carrier gas according to the 
analysis purpose, or make it react, makes a trace element gasify, and detects and carries out determination of this with the 
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suitable detection equipment 32. For example, oxygen carries out determination of the CO gas which occurs in a graphite 
crucible, using Ar or helium as carrier gas with an infrared absorption method. Nitrogen heat-treats helium as carrier gas, and 
is generated. Determination of the N2 gas is carried out with a heat-conduction measuring method. Carbon and sulfur burn 
oxygen gas as carrier gas in a magnetic crucible, and carry out determination of occurring CO or S02 gas with an infrared 
absorption method. 

[001 8] As shown in drawing 1 and the drawing 2 , the preliminary processing room 4 is established in the analysis apparatus 
for enforcing the above-mentioned analytical method. The preliminary processing room 4 introduces an argon via a bulb 8 
from the source 6 of argon gas until it completes argon sputtering, and it is constituted so that it may be made to exhaust via a 
bulb 12 with the exhaust air pump 10. Moreover, the shutter 26 of the slide-valve formula which can be opened and closed 
and which passes to the sample input port 24 which can be freely opened and closed in the preliminary processing room 4 at 
the upper part, and the lower part in the aforementioned reaction chamber is provided. The argon is constituted so that it may 
be led also to a reaction chamber 1 5 through the change bulb 28, and it can also be used now as carrier gas. Moreover, since 
opening and closing of a shutter 26 are made easy, the ambient-pressure force of a preliminary processing room and a 
reaction chamber can also be made equal using an argon. 

[0019] In the preliminary processing room 4, the sample presser foot 20 which supports a sample 2 is formed free [ an 
attitude ], and it is enabled to grasp or open a sample 2. Since this sample presser foot 20 electrifies a sample in minus (-), it 
is manufactured with the conductive matter and connected to the cathode of the power for sputtering 22, On the other hand, 
the wall 5 of a preliminary processing room is connected to the anode plate of the power for sputtering 22 through lead wire. 
[0020] Therefore, open the sample input port 24 of the preliminary processing room 4, and a sample 2 is set to the sample 
presser foot 20. Close the shutter 26 of a slide-valve formula and argon gas is introduced from a bulb 8. If the high voltage is 
impressed between the wall 5 of the preliminary processing room 4, and the sample 2 from the power for sputtering 22 after 
operating the exhaust air pump 1 0 and considering as the argon ambient atmosphere of a predetermined pressure Glow 
discharge happens among both and the front face of a sample 2 is made pure by sputtering by the occurring argon ion. If 
constituted by the cone in which the nose of cam sharpened as the sample presser foot 20 showed in drawing in that case, 
point support of the sample 2 will be carried out, and the decontamination by sputtering will be simultaneously performed to 
the whole sample surface. In addition, so that, as for the support means of a sample 2, wrap area may fully become a parvus 
less than thing, for example, 10%, about a sample front face, if, as already stated, a support means will not ask the means. 
[002 1] A reaction chamber 1 5 is constituted according to the element for analysis. The interior is equipped with the graphite 
crucible 16 and its power for heating 30 for analysis of oxygen or nitrogen. Carbon and sulphuric analysis are equipped with 
the magnetic crucible 1 7, and they are equipped with RF generator 3 1 for heating of a sample. In this invention, the upper 
part is connected to the preliminary processing room 4 through the shutter 26, and carrier gas introduces the above-mentioned 
reaction chamber 1 5 into the preliminary processing room 4 and the reaction chamber 1 5 through the change bulb 28. In 
oxygen analysis, in Ar or helium gas, and nitrogen analysis, carrier gas is 02 gas in helium gas, carbon, or sulfur analysis. In 
addition, in using Ar gas as carrier gas in case of oxygen analysis, helium introduction spool in drawing 1 becomes 
unnecessary. 

[0022] In moving a sample 2 to a reaction chamber 15 using this invention equipment, argon gas or carrier gas is filled in the 
reaction chamber 1 5 and the preliminary processing room 4, a shutter 26 is opened, the sample presser foot 20 is retreated; 
and a sample 2 is dropped in a reaction chamber 1 5 so that the change bulb 28 may be operated and the ambient atmosphere 
of a reaction chamber 1 5 and the preliminary processing room 4 and a pressure may become the same. Subsequently, a 
shutter 26 is closed, the change bulb 28 is operated, carrier gas is circulated, and determination of the gas which heats a 
sample 2 by the power for heating 30 or RF generator 3 1 , and was extracted is drawn and carried out to the detection 
equipment 32 (here infrared- absorption equipment or a heat-conduction measuring device). 

[0023] By the above-mentioned configuration, without touching air, the sample 2 from which impurities, such as surface 
oxygen, were removed by sputtering will fall directly in a reaction chamber 15 from the preliminary processing room 4, and 
will receive analysis operation. For example, in the minute amount oxygen analysis in steel, a sample falls all over the 
reaction chamber 1 5 which has the direct graphite crucible 16, a temperature up is carried out to 2,000-2,500 degrees C in 
this reaction chamber 1 5, it is returned by carbon and determination of all the minute amount oxygen is carried out by 
well-known infrared-absorption equipment as CO gas. 
[0024] 

[Example] Drawing 3 is the result of analyzing a sample front face after carrying out argon sputtering of the front face of a 
sample 2 by the Auger electron spectroscopy, a quadrature axis shows an electronic energy level and an axis of ordinate 
expresses the Auger differential spectrum. A passage clearer than drawing 3 , since oxygen is hardly observed by the cortex 
section of the sample 2 after carrying out sputtering, it turns out that contamination by the oxide film is removed completely. 
[0025] After leaving the sample which carried out preliminary processing like the above as an example of a comparison for 1 
minute in the atmospheric air, the analysis result by the Auger electron spectroscopy was shown in the depth orientation as 
drawing 4 . The oxygen of a high value is detected in drawing 4 , and it turns out that the reoxidation of the sample front face 
was carried out by atmospheric-air exposure. Thereby, it was checked that an about 1 ppm error arises in an oxygen analysis 
value. 

[0026] In addition, it is clear that the above-mentioned technique and equipment can apply it about other metals other than 
steel although the example of this invention was explained about the high precision analytical method and equipment of 
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minute amount oxygen in steel. In this case, it can be made to combine with the preliminary processing room which chooses 
the analysis apparatus containing a reaction chamber suitably, and starts this invention by the metal for analysis, and the 
analytical element. 
[0027] 

[Effect of the Invention] In analysis of the trace element in a metal, this invention uses an inert gas sputtering phenomenon, 
removes the pollution section of a sample all front face simultaneously, since this is introduced into a direct-reaction room, 
does not have fear of resoiling and can execute with high precision and quickly the minute amount determination of oxygen in 
a metal. Moreover, by using this invention, the influence of the trace element in a metal can be correctly known now, and it 
can contribute to a development of a future high-grade material remarkably. 



[Translation done.] 
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